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A Technique of 3D Reconstruction of Blood Vessel’s Skeleton Based on Snakes

CAO Zhi-Guo” PENG Bo"”®” SANG Nong” ZHANG Tian-Xu"
U (Institute for Pattern Recognition and Artificial Intelligence, Huazhong University of Science and Technology, Wuhan 430074)
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Abstract  For the 3D reconstruction of blood vessel’s skeleton from biplane angiography sys-
tem, the traditional way requires lots of user interaction to find corresponding points. A method
based on Snake model is proposed in this paper. First, multiscale Gabor filter is used to extract
the centerlines of blood vessels on the angiography images. Secondly, in order to find correspond-
ing points correctly which are used to initialize Snake, bifurcations on blood vessel’s skeleton are
chosen to optimize GT (Geometry Translation) matrix. Thirdly, according to the feature of the
blood vessels, GVF (Gradient Vector Flow) is utilized as external energy of 3D Snake and the ex-
pression of minimizing the external energy is deduced. At last, the Snake iteratively evolve to-
wards the true configuration of the blood vessels, satisfying the constraint of being smooth. The
result of experiments indicates; Compared with traditional way, user interaction is reduced and

reconstruction performance is improved by this method.
Keywords angiography; 3D reconstruction; Snake model; GVF (Gradient Vector Flow)
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Background

Digital subtraction angiography has been in clinical use
for nearly 20 years. It is an important basis for surgical navi-
gation of the non-invasive cardio-cerebral vascular disease di-
agnosis and the interventional treatment of. Due to the limits
of imaging equipment, DSA can only be two-dimensional,
which caused great difficulty in clinical diagnosis and treat-
ment. Using quasi-three-dimensional DSA image from com-
mon DSA equipment to achieve true 3-D reconstruction image
under the guidance of the vascular system anatomy is an ef-
fective way to solve this problem. All research content in this
paper is derived from the National Key Basic Research Devel-
opment Program (973 Program), “Intelligent Analysis of
Digital Subtraction Angiography and Three-Dimensional Re-
construction” project. The project number is 2003CB716105.

When the angle of radiography has been known, to re-
construct 3-D structure of blood vessels from angiographic

images which are obtained from X-ray imaging systems, the

traditional method is a bottom-up approach. This method is
based on the principle of perspective projection that each
point needs to be reconstructed. However, there is a prob-
lem that we are unable to find all the corresponding points ac-
curately. In this paper, a novel top-down approach method
based on Snake model is proposed to solve this problem,
which uses multi-scale Gabor filters to extract vascular axis
automatically. Through the optimized geometry translation
matrix and the proper external energy function, the authors
improve the method that used Snake model to reconstruct one
vessel, and implement the proposed algorithm to reconstruct
vessel tree. Compared with the traditional way. the experi-
mental results show that the new method has a better recon-
struction performance and be more robust. The achievement
of this paper provides a good groundwork for further study of

vascular surface reconstruction.



